Background. Transforaminal injection of steroids is used to treat lumbar radicular pain. Not known is whether the route of injection or the agent injected is significant.
Introduction
For the treatment of lumbar radicular pain, conservative therapy (analgesics, physical therapy, traction) has been shown to be no more effective than natural history [1] [2] [3] [4] . Surgery provides prompt relief of severe pain, and is more effective than conservative therapy, in the long term [5, 6] .
Lumbar radicular pain (otherwise and previously known as sciatica [7] ) can be caused by foraminal stenosis and space-occupying lesions in the lumbar spine, but the most common cause is lumbar disc herniation. Laboratory evidence implicates inflammation of the affected nerve roots in the mechanism of pain [8] [9] [10] [11] [12] [13] [14] . The involvement of inflammation has attracted the use of steroids (corticosteroids) to reduce the inflammation and, thereby, relieve the pain. Injections of steroids, by various routes, have been used as an alternative to surgery, and as an alternative or complement to conservative therapy, for the treatment of lumbar radicular pain.
The simplest treatment is intramuscular injection of steroids, either into the gluteal muscles or the paraspinal muscles. However, the few controlled trials of this therapy cast doubt on its efficacy [15] [16] [17] .
The most widely used injection therapy [18] is epidural injection of steroids, by either the interlaminar route or the caudal route. For the relief of pain, interlaminar injections have repeatedly been shown to be no more effective than sham injections (of normal saline into an interspinous ligament) [19] [20] [21] , and studies of caudal epidural injections of steroids have failed to show superiority of steroids over local anesthetic alone [22, 23] .
More contentious are transforaminal injections of steroids. These involve the injection of steroids directly and accurately onto the affected spinal nerve, under radiologic guidance [24] . Initial observational studies showed that transforaminal injection of steroids spared patients from surgery [25] or provided greater than 50% relief of pain in over 70% of patients [26] . A controlled study confirmed the surgery-sparing effect [27] , which persisted at 5-year follow-up [28] . Other controlled studies showed no greater effect from transforaminal injection of steroids than from transforaminal injection of local anesthetic alone [29] [30] [31] [32] , but another controlled study showed superiority of transforaminal injection of steroids over paraspinal injection of normal saline [33] . Meanwhile, transforaminal injection of steroids has been shown to be more effective than interlaminar injection of steroids, with respect to relief of pain and improvement of disability [34] . The evidence on transforaminal injection of steroids is therefore conflicting.
Transforaminal injection of steroids is a compound intervention. It is not known if the transforaminal route of injection is critical for its effectiveness, or if the agent injected is critical. If the treatment effect is from systemic uptake of steroids, the route of injection would be immaterial. If the treatment effect is due to the site of injection, it is not known if the use of steroids is critical, if the co-administration of local anesthetic is critical, or if the injection is effective because it simply irrigates the affected nerve and washes away the inflammatory exudate.
The present study was designed to test these various conjectures. Transforaminal injection of steroids was compared with transforaminal injection of local anesthetic, to test for a local anesthetic effect; with transforaminal injection of normal saline, to test for an irrigation effect; with intramuscular injection of steroids, to test for a systemic effect; and with intramuscular injection of normal saline, to test for nonspecific (placebo) effects of an elaborate injection.
Methods
The study was conducted at two sites. The majority of patients were recruited and treated at a major teaching hospital in a rural city (Newcastle, Australia) that served a population of some 600,000. Additional patients were also recruited at a teaching hospital in a national capital city (Canberra, Australia), when the senior author was transferred to that site. Approval for the study was obtained from the Human Research Ethics Committee of the Hunter New England Area Health Service. The trial was registered with the Australian Clinical Trials Research Network (ACTRN 12608000401358).
Patients for the study were drawn from those presenting to spine surgeons (largely neurosurgeons) in the hospitals in which the study was conducted. Upon encountering a patient who satisfied the inclusion criteria, the participating neurosurgeons offered participation in the study to the patient. Eligibility was then assessed by either the first or third author, who obtained informed consent from the patients.
The inclusion criteria were as follows: adult patient capable of providing consent and capable of complying with the outcome instruments used, with pain radiating into the lower limb, of a lancinating, burning, stabbing, or electric quality; associated with limitation of straight-legraise to less than 30°; and demonstration of a disc herniation by computerized tomography (CT) or magnetic resonance imaging (MRI) at a segmental level consistent with the clinical features. (Patients with a straight-leg-raise greater than 30°but less than 45°were included only if they gave a clear history of lancinating pain and imaging demonstrated a disc herniation.) Pain of appropriate quality was the primary indication for treatment. Neurological signs of radiculopathy were not required, but served to consolidate the diagnosis when they were present. All patients had been classified by their referring surgeon as eligible for surgery, meaning that surgery would be the next intervention if injections did not relieve the pain.
Exclusion criteria were foraminal stenosis, severe motor deficit, a history of substance abuse, inability to comply with the instruments for outcome assessment, previous surgery at the affected segmental level, or conditions that rendered the conduct of an injection unsafe such as pregnancy, recent infection, or spinal deformity. Excluded also were patients who did not have lancinating pain in the lower limb; i.e., they had only deep aching pain characteristic of somatic referred pain. Although foraminal stenosis was an exclusion criterion, lateral recess stenosis was tolerated provided that the patient also had a disc herniation that was affecting the target nerve. Patients were not excluded on the basis of duration of pain. Pain was defined as acute if it had lasted less than 3 months and chronic if it had lasted longer than this [7] .
At the primary study site, all consecutive patients who satisfied the inclusion criteria were invited to participate in the study. Only eight patients declined participation. During the period of recruitment (February 2007 -November 2008 , 130 patients were recruited at this site. At the secondary site, an additional 20 patients were recruited between March 2008 and November 2008. The size of the population from which these latter patients were drawn was not disclosed to the investigators by the neurosurgeons who referred patients to the study.
As each patient was enrolled, baseline data were obtained by one of the principal investigators or a research nurse. Patients estimated the intensity of their radicular pain using a numerical pain-rating scale, on which 0 represented no pain and 10 represented worst pain imaginable [35] . They also completed an SF36 (version 1) [36] [37] [38] , a Roland-Morris disability questionnaire [39] , and the Patient-Specified Functional Outcome instrument [40] [41] [42] . This latter instrument asks patients to specify four activities of daily living that are limited by their pain and which they would most dearly want restored. Patients also indicated what other health care they were using for their radicular pain and their work status for those of working age.
The segmental level to be treated was determined by the referring surgeon, based on the results of imaging. The nerve targeted for treatment was the one that was affected by the disc herniation as seen on CT or MRI. Typically, this meant the nerve that entered the intervertebral foramen of the segment below the affected disc. The protocol allowed for nerves to be targeted if a far lateral herniation affected the nerve at the same segment as the herniation, but no instances of this possibility were encountered. The physician responsible for the injection was entitled to question the referring surgeon's suggestion as to which nerve should be targeted, but no instance of disagreement arose.
All treatments were performed in the same procedure room (at each site). At the primary site, various operators performed the injections, but the majority of patients were treated by either one of two operators. At the secondary site, all patients were treated by the same operator.
Irrespective of the nature of the injection eventually performed, all patients lay on a fluoroscopy procedure table, most in a prone position, but some in a lateral position when they could not assume a prone position. The skin of the back was prepared as for an aseptic procedure. Based on the pre-procedural imaging, the operator identified the target level on a postero-anterior fluoroscopy view of the lumbar spine. The view of the target level was "squared off" (i.e., the X-ray beam passed parallel to the vertebral endplates of the target level).
Initially, a randomization code was consulted, which instructed the operator as to which route to use. If the code called for intramuscular injection, the needle was placed into the erector spinae opposite the interval between the transverse processes of the target level. Intramuscular placement was verified by injecting a small volume (0.2-0.5 mL) of contrast medium (Figure 1) . If the code called for transforaminal injection, the needle was placed in the intervertebral foramen of the target level, according to the practice guidelines of the International Spine Intervention Society [24] . Whenever possible, the needle was placed on the back of the vertebral body immediately below the pedicle. When the spinal nerve prevented access to this target point, the needle was placed behind or above the spinal nerve. Correct placement was verified by the injection of a test dose of contrast medium. The contrast medium had to outline the course of the target nerve and simultaneously show no vascular uptake of the injectate (Figure 2 ).
Once the needle had been placed, a second randomization code was consulted, which instructed the operator as to which agent to administer. This measure was adopted in order to ensure that operators correctly and accurately placed needles without bias, before and without knowing the agent to be used.
The randomization schedule was based on a series of random numbers, allocated sequentially to patients as they enrolled. A research nurse was the only member of the team who had knowledge of the randomization schedule. So that no subliminal cues might be transmitted to the patients during treatment, instructions from the nurse to the operator, about which route to use and which agent to use, were communicated by disclosing printed cards that carried the information, out of sight of the patient. As far as possible, all procedures were performed at a similar pace, with due attention being paid to accurate placement of the needle, recording the placement on postero-anterior and lateral fluoroscopy views, and gentle administration of the allocated agent.
For each injection, a standard volume and dose were used for each patient. For patients allocated to receive transforaminal injection of steroids, 0.75 mL of 0.5% bupivacaine Figure 1 A postero-anterior fluoroscopy image of an injection of contrast medium prior to intramuscular injection of steroids or normal saline.
was injected followed by 1.75 mL of triamcinolone in a concentration of 40 mg/mL. (Bupivacaine was injected for two reasons. First, it is common practice for operators to administer both a local anesthetic and a steroid, and we sought to mimic common practice. Second, the preliminary injection serves as a putative safety measure to avoid spinal cord infarction when particulate steroids are to follow.) For patients allocated to receive transforaminal local anesthetic, the operator injected 2 mL of 0.5% bupivacaine. For patients randomized to receive normal saline, the operator injected 2 mL of the agent. Those patients allocated to intramuscular steroids received 1.75 mL of triamcinolone (40 mg/mL). Patients randomized to receive intramuscular normal saline received a volume of 2 mL.
The senior author or a research nurse, neither of whom was involved in the conduct of the treatment, conducted the follow-up assessment. Both were blind to the treatment administered.
Patients were checked on the day following the procedure and at 1 week, for any adverse effects. If patients felt that they had benefited from their treatment, they were invited and encouraged to continue with formal follow-up. If patients felt that they had partial benefit, they were invited to have a repeat of their allocated treatment, in order (ostensibly) to boost the response. In this regard, patients were entitled to have up to three injections of their allocated agent by their allocated route, if they wanted. Repeat injection was at the discretion of the patient. No patient was subjected to routine repetitions, or a prescribed "series" of injections. If patients felt they had not benefited from their allocated treatment and felt that they wanted further treatment for their pain, once they had registered their response and had completed the outcome instruments, they were entitled to pursue rescue therapy. According to the preference of the patient, this could be analgesics, surgery, or open-label transforaminal injection of steroids.
Patients who felt that they had benefited from their allocated treatment commenced formal follow-up at 1 month after treatment. At this time, the outcome instruments were administered. Patients with continuing relief were assessed at 3, 6, and 12 months, or until relief of pain ceased. If relief ceased, at any time after 1 month, patients were entitled either to have a repeat of their allocated agent or to avail themselves of rescue treatment. Patients were not followed if, and once, they registered their failure with the allocated treatment or rescue treatment. All patients who reported a successful outcome were followed until relief ceased.
The primary outcome measure was the proportion of patients, who underwent each treatment, who obtained complete relief or at least 50% relief of pain for at least 1 month after treatment. The secondary outcomes were scores on the SF36 and Roland-Morris instruments, use of other health care, and improvements in activities of daily living as measured by the Patient-Specified Functional Outcomes Scale. Subsequent outcome measures were the duration of relief in those patients who obtained relief, or the proportion of patients who required rescue treatment or surgery.
The proportions of patients from each treatment group were compared using 95% confidence intervals of a proportion. For proportions to be considered significantly different statistically, their 95% confidence limits must not overlap. Group data on baseline features and outcomes were also collected. Nonparametric tests were applied when the data obtained were not normally distributed. Median values and interquartile ranges were calculated. For comparisons between groups, a Mann-Whitney test was used. For comparisons within groups, a paired t-test was used.
Although data were collected and calculated for all subscales of the SF36, only those for physical functioning, social functioning, bodily pain, general health, and mental health are reported below. The scales for vitality, role personal, and role emotional showed no meaningful change and did not contribute to establishing outcome.
For the Patient-Specified Functional Outcome Scale, patients were asked to report, for each of their four nominated activities, if they could perform them not at all, a bit, a lot, or fully. These grades were allocated a score of 0, 1, 2, and 3, respectively. These scores were totaled to yield a composite value, such that 0 indicated no restoration of activities, and 12 indicated completed restoration of all activities. For use of other health care, treatments were classified into four classes: opioids, analgesics and nonsteroidal anti-inflammatory drugs, physical therapy, or nil. Agents classified as analgesics included paracetamol, compound analgesics, and tramadol. Physical therapy encompassed exercises and massage. If patients used opioids together with analgesics, they were regarded as using opioids. The numbers of patients using various treatments before and after treatment were tabulated and compared graphically.
The study initially targeted a sample size of 50 in each group, which would have been sufficient to distinguish proportions such as 0.20 from 0.48, or 0.30 from 0.60, or 0.40 from 0.70, should these proportions arise. However, the ethics approval also allowed for an interim analysis, under blinded conditions, when the number of patients in each group was about 30. This provision was applied in order not to have an unnecessary number of patients to continue to undergo treatments that could be shown, with statistical confidence, not to be sufficiently effective.
Results
A total of 150 patients were enrolled. Prior to registering their response to treatment, no patient was lost to followup. In accordance with the ethics provisions, patients were not required to participate in follow-up once they had registered failure to respond to either their allocated treatment or to rescue treatment. All patients who had a successful outcome, however, completed follow-up until their relief lapsed.
After randomization, the five treatment groups showed no statistically significant differences in demographic features such as age, gender balance, segmental levels treated, or the proportion of acute or chronic cases (Table 1 ). Certain differences arose in the duration of complaints in some groups. Patients randomized to intramuscular steroids had a significantly shorter duration of acute pain than did patients allocated to transforaminal normal saline (P = 0.04) or intramuscular saline (P = 0.01) (although not those allocated to transforaminal local anesthetic or transforaminal injection of steroids), and a significantly shorter 
duration of chronic pain than patients allocated to transforaminal steroids (P = 0.01) (but not any other group).
Prior to treatment, the five groups had similar scores for pain and disability ( Table 2 ). The patients had moderate to severe levels of pain. On the SF36, they were seriously impaired in physical functioning and social functioning, had reduced vitality, but were in reasonable general health and mental health. The Roland-Morris instrument indicated moderate levels of disability. On this latter instrument, the patients allocated to intramuscular normal saline were slightly but significantly less impaired than those allocated to transforaminal local anesthetic, but there were no statistically significant differences between any other pairs of groups.
After treatment, no complications occurred that could be attributed to the treatment. One patient developed bladder incontinence, for 1 week, after a transforaminalinjection of local anesthetic, but it was not evident that the complication was attributable to the injection, rather than worsening of her disc herniation.
The worst outcomes were reported by the patients treated with transforaminal local anesthetic. Only two patients in the group reported at least 50% relief of pain at 1 month after treatment. Both had complete relief of pain These patients reported substantial, concurrent improvements in physical functioning, social functioning, and bodily pain, but although these improvements were large in absolute magnitude, statistical significance was not reached because of the small sample size, other than for disability on the Roland-Morris instrument (Table 3 ). The remaining patients (25) had no improvements in pain, and no changes of clinical or statistical significance in disability, general health, or mental health (Table 3) . Where a range of P values are shown, they pertain to the various permutations of comparisons between groups. IQR = interquartile range; PF = physical functioning; SF = social functioning; BP = bodily pain; GH = general health; VIT = vitality; MH = mental health.
Outcomes were little better in the group treated with intramuscular saline. Four patients achieved at least 50% relief of pain. Two had complete relief and two had 80% relief. These patients expressed large improvements in function and disability, but the small sample size precluded statistical significance in all measures except physical functioning (Table 4) . Nevertheless, in all measures, the scores for these patients after treatment were significantly better, both clinically and statistically, than those of the patients who did not respond, for leg pain, physical functioning, social functioning, bodily pain, mental health, and disability (Table 4 ). The patients who did not respond (26) showed no significant changes in any outcome measure; they remained in pain and disabled.
Somewhat better outcomes occurred in the group treated with intramuscular steroids. In this group, six patients achieved at least 50% relief of pain. Three obtained complete relief, and three obtained between 60% and 75% relief. Their scores for physical functioning, social functioning, bodily pain, and disability improved substantially and significantly, but their scores for general health and mental health did not alter significantly (Table 5 ). In these same measures, the outcomes of these patients were significantly better than those of the patients who did not obtain relief of pain. The scores for these latter patients (22) remained unchanged for all outcome measures (Table 5) .
Similar outcomes were achieved in the group treated with transforaminal injection of normal saline. In this group, seven patients achieved at least 50% relief of pain (Table 6 ). Three obtained complete relief; two obtained between 60% and 100% relief; and two obtained 50% relief. They improved their scores substantially and significantly in physical functioning, bodily pain, general health, and disability; their substantial improvements in social functioning and mental, almost reached statistical significance. In all measures, their outcomes were significantly better than those of patients who did not respond ( Table 6 ). The latter patients (30) did not improve significantly in any outcome measure.
The most successful outcomes were achieved in the group treated with transforaminal injections of steroids (Table 7) . In this group, 15 patients achieved at least 50% relief of pain. Three achieved 50% relief; nine achieved between 60% and 100% relief; and three achieved complete relief. These patients substantially and significantly improved their scores on all other measures (Table 7) ; and on all measures, their outcomes were significantly better than those of patients who did not respond. The latter patients (13) showed no improvements in any outcome measure (Table 7) . Of those patients who reported relief of pain, nearly all did so after only one injection (irrespective of the route or agent used). Two patients in the intramuscular steroid group and one in the intramuscular normal saline group required a second injection within 1 month of the first, before registering success. Five of the 15 patients in the transforaminal injection of steroids group required two injections. No patient required more than two injections. Of the patients who reported unsuccessful outcomes, only two underwent two injections of the allocated agent (intramuscular normal saline); all others wanted only one injection.
Irrespective of the treatment undergone, nearly all patients who reported relief of pain also reported substantial improvements in physical functioning, social functioning, and disability (Tables 3-7) . They also reported substantial restoration of their desired activities of daily living (Table 8 ) and reduction of other health care ( Figure 3 ). The magnitudes of improvements in desired activities were not significantly different between treatment groups. The patterns of reduction in other health care were similar. All patients who had been taking opioids ceased taking them; most patients who had been taking analgesics ceased to do so, although some persisted. Most patients required no other health care, while the remainder relied on only analgesics or simple physical therapy such as home exercises or occasional massage. Chronicity did not affect response to treatment. In each treatment group, the proportions of patients with acute or chronic radicular pain who responded did not differ statistically (Table 9 ).
Although the proportions of patients treated with transforaminal normal saline (19%), transforaminal local anesthetic (7%), intramuscular steroids (18%), or intramuscular normal saline (13%) who reported a successful outcome differed in absolute magnitude, their 95% confidence intervals overlapped and so were not significantly different from one another statistically (Figure 4 ). Based on a weighted mean average, the representative success rate across these four groups was 15% (8-22%).
In contrast, the proportion of patients who responded to transforaminal injection of steroids (54%) was larger and significantly greater than the proportion in any other group (Figure 4 ). This response rate was more than twice the rate for intramuscular steroids, and nearly three times the rate for transforaminal normal saline. In terms of initial yield, transforaminal injection of steroids was clearly more effective than any of the other injections.
Meanwhile, the response rate for intramuscular steroids was not significantly greater than that for intramuscular saline, nor did the response rate for transforaminal local anesthetic differ significantly from that for transforaminal normal saline. Not all patients maintained their response. Some relapsed after 1, 3, or 6 months, but thereafter, the remainder maintained relief of pain for 12 months, and some continued to have relief beyond a year, when last reviewed ( Figure 5 ). Seven patients maintained their relief for 12 months after transforaminal injection of steroids; five did so after intramuscular steroids; two after transforaminal injection of normal saline, three after intramuscular saline, and one after transforaminal local anesthetic. The median durations of relief did not differ significantly between groups (Table 10 ). The greater number of patients with short durations of relief in the transforaminal injection of steroids group was balanced by the greater number of patients with durations exceeding 12 months.
Among the patients who obtained no relief from their initial treatment, similar numbers in each treatment group elected to undergo rescue treatment with transforaminal injection of steroids (Table 11 ). Four patients who had undergone transforaminal injection of steroids remained blinded as to their treatment and, after registering their lack of response, elected to have rescue treatment with transforaminal injection of steroids. The success rates of rescue treatment were similar in each group and statistically compatible with the success rate of transforaminal injection of steroids in the blinded phase of the study (Table 11 ).
Similar numbers in each treatment group elected to undergo surgery either when they did not benefit from their initial treatment or from rescue treatment (Table 12) . P values within the columns pertain to comparisons within groups, using a paired t-test. P values along the rows pertain to comparisons between groups, using a Mann-Whitney test. IQR = interquartile range.
The proportions of patients who eventually elected to have surgery (and, reciprocally, the proportions who avoided surgery) were similar in each group (Table 12) . Of the 18 patients who avoided surgery after treatment with transforaminal injection of steroids, 9 (50%) did so because they benefited from their injection. In the other groups, between 5% and 23% avoided surgery because of their response to their initial treatment, and a further 26% to 36% did so because of their response to rescue treatment with transforaminal injection of steroids. The remaining patients relied on analgesics or coped by means undisclosed to the study (Table 12) .
Discussion
Several previous studies of transforaminal injection of steroids have reported no demonstrable superiority over control injections, such as transforaminal injection of local anesthetic alone [29] [30] [31] [32] . However, to assess their outcomes, these studies followed the convention of reporting and comparing mean values of scores for pain and other outcomes. Doing so can be a disservice to an otherwise valuable treatment.
When evaluated using mean values of a group response, treatments emerge as significantly more effective only if all patients consistently benefit to some degree, or if a substantial majority of patients benefit to at least a moderate degree. However, group data can camouflage good responses when they occur in a subgroup of patients. The poor outcomes of the other patients statistically cancel the good responses of the subgroup.
Indeed, if the data of the present study are subjected to analysis of group means, transforaminal injection of steroids emerges as significantly more effective than transforaminal injection of local anesthetic, intramuscular normal saline, and intramuscular steroids but fails to be more effective than transforaminal normal saline (Table 13) . Such an analysis, however, is not appropriate, for the data are not normally distributed, and the distributions of outcomes differ in the different treatment groups.
As shown in Figure 6 , few patients who had intramuscular saline or transforaminal local anesthetic achieved low pain scores, and the scores of patients who had intramuscular steroids or transforaminal normal saline are widely distributed across the possible range of values. In contrast, the distribution of scores of patients who had transforaminal steroids is distinctly bimodal: half the patients either responded or they did not. Moreover, the calculated mean score for the transforaminal steroid group (4.1) is represented by no patient and is representative of no patient.
Significant differences in favor of transforaminal injection of steroids do emerge when the data are subjected to categorical analysis, namely success rates. In the present study, success was defined by at least 50% reduction of pain, corroborated by improvements in function, reduction in disability, restoration of patient-specified activities, and reduction in use of other health care. A criterion of 50% reduction of pain was selected because this magnitude has been established as the change that patients regard as equating to "much improved" for pain in general [35] , and which is the minimal clinical important change for radicular pain in particular [43] . As well, the simultaneous improvements in all secondary outcomes were not just statistically significant but substantial and were shared by nearly all patients. There were only three exceptions to this simultaneity: one patient whose back pain impaired improvements in function and other measures, one with rheumatoid arthritis, and one with multiple comorbidities, all of whom nevertheless reported major reductions in their radicular pain. Patients who were lost to follow-up were on record as not having had surgery. Under those conditions, transforaminal injection of steroids was significantly more often successful than any of the other injections at providing relief of radicular paininitially. However, it is not necessarily more successful at providing relief for 1 year.
A greater number and a greater proportion of patients treated with transforaminal steroids had long-term relief than did patients treated with intramuscular steroids or transforaminal normal saline ( Figure 5 ). However, the proportions are not significantly different because of the small number of patients with sustained, long-term relief, and the relatively small sample sizes studied. This creates a conundrum concerning long-term success.
The proportion of patients with good long-term outcomes after transforaminal steroids was 7 of 28 (0.25), whereas that after transforaminal normal saline was 2 of 37 (0.05), and that after intramuscular steroids was 5 of 28 (0.18). To prove beyond all reasonable doubt that 0.25 is greater than 0.05 would require a sample size of at 121 in each group. To prove that 0.25 is greater than 0.18 would require 550 in each group. Alternatively, to prove that intramuscular steroids are equivalent to transforaminal steroids would require over 2,000 in each group. These numbers are prohibitive.
Purists might call for such large studies to be conducted, and they might cite examples from cardiology where studies of such size have been conducted. However, lumbar radicular pain is not as dire a condition as coronary artery occlusion or other cardiovascular diseases. Its public health burden would neither warrant nor attract huge research expenditure.
The present data leave practitioners with some intriguing choices. Those interested in long-term outcomes only, might decide that intramuscular steroids are virtually as effective as transforaminal steroids, but are less demanding technically; so, it might seem pragmatic to use intramuscular steroids in the first instance. However, two caveats apply. The data of the present study did not show superiority of intramuscular steroids over intramuscular normal saline. Nor has any other study. Only one study came close to showing superiority [17] . Moreover, the present study did not test the summary administration of intramuscular steroids at the bedside; it tested intramuscular steroids in the context of an elaborate procedure in a procedure room, using fluoroscopy. Bedside administration may not be as effective, as experienced in other studies [15] [16] [17] .
Alternatively, practitioners might decide to adopt or continue with transforaminal steroids. The short-term yield of these injections is definitely greater than that of the other injections. That yield cannot be dismissed as simply due to an irrigation effect, systemic effect, or placebo effect. Using transforaminal injection of normal saline as the control, the number needed to treat (NNT; [44] ) of transforaminal steroids is 3, which is a respectable value. Against intramuscular steroids, the NNT is just over 3.
However, more demanding practitioners might be more concerned about long-term outcomes. In that regard, the present data show that the yield of transforaminal steroids is small, but not negligible. Some 25% of patients treated experience satisfying relief for 12 months, together with restoration of function and activity, and reduction of other health care. For a 1 in 4 yield, transforaminal injection of steroids is patently cost-effective, whenever the cost of the alternative-surgery-is greater than four times the cost of an injection.
Furthermore, the data of the present study might understate the actual success rate of transforaminal injection of steroids. The data are internally consistent. The success rate in the randomized arm of the study was 54% (36-72%), and that in the rescue arm was between 25% and 50% (Table 11 ). In practice, this success rate could be greater if repeat injection was pursued more aggressively than it was in the present study. In that regard, it is notable that two of the four patients who had rescue treatment with transforaminal injection of steroids after initial failure of the same treatment nevertheless achieved relief from the second injection, with one lasting 21 months.
This proposition is not license to insist that every patient must routinely undergo two or more injection despite failing to respond to previous injections. Rather, it is a call for others to examine the possibility that a second, booster injection might increase the yield. The available literature hints that this occurs. The studies with negative results all used only one injection [29] [30] [31] [32] , whereas those with better results used up to three injections, with an average of about two [26] [27] [28] 33] .
Transforaminal injection of steroids can be hazardous [45] [46] [47] , but only if carelessly performed. Guidelines for the safe conduct of transforaminal injections have been published [24] , emphasizing particularly the need to be vigilant for unintended, intra-arterial injection of particulate steroids.
Other studies have reported a surgery-sparing effect of transforaminal injection of steroids [25, 27, 28] . For that outcome measure, the present study was not as dramatically successful as these other studies. Nevertheless, it was evident that of the patients who avoided surgery after initial treatment with transforaminal steroids, some 50% did so because of the response to treatment, and some 30% or more of patients avoided surgery because of rescue treatment with transforaminal injection of steroids (Table 12 ). However, avoiding surgery is a capricious outcome measure. It can be affected by whether surgery is portrayed as an immediate, instant cure, or a hazardous undertaking. It can be affected by the availability of alternatives, or the nature of the population being treated. Many patients in the present study preferred to avoid surgery and relied on analgesics when injections failed to provide relief (Table 12 ).
In essence, transforaminal injection of steroids is a viable alternative to surgery for lumbar radicular pain due to disc herniation. Its immediate yield is modest, but substantial, and is not simply a placebo effect. For long-term efficacy, proof beyond reasonable doubt would require prohibitively large studies.
